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Design Layout 


• Bridgman-type, Vacuum 
Furnace 

• Four heated zones 

• One interchangeable cold zone 

• Phase Change Quench System 

• Highly Efficient Insulation 
Design 




Quench Module Insert ( QMI) 

Design Layout 


||j Copper [j Alumina 
|f| Stainless g Boron Nitride 
j§§ Aluminum |j V el therm 
HI Tantalum ||] Moly/Rhenium 
| Graphite || Water 



\ Intermediate Support 
Plate 








Design Layout 








QMI Thermal Analysis and Design 

Methodology 


• Modeling via TRASYS / /. SINDA/G, and SIN DA 85 

- One overall axi-symmetric SIN DA- G model f 5000 nodes) per Unit 

• Easily reconfigured for any translation position via user constants 

• Detailed component level 'temperature summary tables and plots generated 
for each case 

• User defined sinroutines for helical heat transfer coefficient, uniform power 
distribution, summary tables, plot files 

Three TRASYS 11 models (translatable bore, jacket, and PCD) 

• Easily reconfigured for any translation position or SAC A geometer surface 
properties via users constants 

• Preliminary Hot Zone Test Article to verify insulation and thermal 
performance in a static test condition (heavily instrumented) 

• Hot Zone Test Article mode! ear relation res u Its and lessons learned 
are applied to Bread Board and Flight models 

• Bread Board model correlation results and lessons learned are 
applied to both the Bread Board and Flight models 









Science 
Requirements 
Temperature Plots 


Q\U CDR Ste&Jv&cg SAC A Ftoitift Kcs-tilfc 
< | ,6a«t $AC A •?: J 


Component Level 
Temperature Plots 


Component Level & 
Housekeeping 
Summary Tables 



Updated Thermal Model Results for Heater Control Temperatures at 






1200 

0 C, 1150 °C,1100 °C,1100 °C 






BOUNDARY CONDITIONS 





Cartridge Position 

k y 

nserxea, nerrence salawiiii pure Aluminum sample; 




Hot Zone Settings: 
Booster#l Temp : 

1200 

°C 

Coolant Wata- Settings: 
Chill Block Inlet: 


35 

°C 

Booster #2 Temp: 

1150 

°C 

Chill Block flow Rate: 


50 

kg/hr 

Main Temperature: 

1100 

°c 

Pan Conductance: 


300 

W/m 2 -° C 

Guard Temperature: 

1100 

°c 

Water Jacket Inlet: 


35 

°C 




Water Jacket flow rate: 


40 

kg/hr 




Temoerature Results 




Components 

Max 

Min 

Ave. Components 

Max 

Mm. 

Mgu 

QuoichZane 

( C) 

( C) 

Hot Zone 

( C) 

( C) 

( C) 

Housing 

N/A 

N/A 

N/A Boo st a- #1 Overall 

1213.3 

1 184.4 

1203.8 

Shoe 

N/A 

N/A 

N/A Booster#l Bore 

1202.8 

1184.4 

1196.5 




Booter#l Lead 

1191.4 

107.6 

922.0 

Chill Hock: 



Booter#l Solder 

95.8 

62.0 

71.0 

Bore Temp 

56.5 

50.2 

52.6 Boosts' #1 Overall 

1164.4 

1145.8 

1156.7 

Inner Sleeve 

56.5 

49.6 

52.2 Booster #2 Bore 

1160.2 

1148.1 

1155.5 

Outer Sleeve 

40.0 

39.0 

39.6 Booter#2 Lead 

1142.9 

104.8 

893.5 

Water 

36.6 

35.0 

35.9 Booter#2 Solder 

93.6 

61.6 

70.2 

Chill Hock Plate 



Main Bore 

1124.3 

1080.4 

1106.5 

Plate 

61.4 

60.4 

60.8 Main Lead 

1071.5 

105.4 

618.8 

Bore 

61.4 

N/A 

N/A Main Solder 

94.1 

61.7 

70.4 

Chill Block Interface 

61.3 

N/A 

N/A Guard Ovanll 

1127.1 

1081.6 

1113.5 

A Z Interface 

61.3 

N/A 

N/A Guard Bore 

1125.0 

1096.1 

1115.1 

Rod Interface 

60.4 

N/A 

N/A Guard Lead 

1068.7 

106.9 

473.7 




Guard Solder 

95.2 

61.8 

70.7 

aTr*' 2 ”"’ 

785.5 

299.8 

566.2 Core Sleeves 




Ints Support Structur 

609.3 

121.7 

406.9 Booster#l 

1199 

1128 

1156 

Shield #2 

700.2 

687.6 

693.4 Booster#2 

1150 

1125 

1130 

Shield #3 

352.3 

351.1 

351.9 Main 

1107 

1045 

1079 

Core Housing 

1013.9 

N/A 

N/A Guard 

1099 

1038 

1051 

Guard Zone Closed 



Core Housing 




Adjustment Plate 

448.1 

397.8 

427.5 Overall 

1081 

557 

966 

Adjustment Screw 

438.3 

426.2 

433.8 Booster#l Area 

1078 

1034 

1060 

Lower Spacer 

506.6 

483.7 

495.2 Booster#2 Area 

1081 

1080 

1081 

Mid. Spacer 

468.3 

457.8 

463.6 MainArrea 

1078 

949 

1034 

Top Plate Closeout 

61.9 

59.4 

60.6 Guard Area/Flange 

937 

557 

671 

Inner Closeout Space 

1032.9 

896.4 

915.4 




Mid Closeout Spacer 

749.7 

738.3 

743.9 Structural Shidds 




Outer Closeout Space 

600.8 

591.5 

596.9 Layer #1 (inner) 

1030 

737 

964 

Devo Plate 

459.4 

422.3 

449.5 Layer #2 

725 

550 

678 

Core housing Intf 

556.9 

N/A 

N/A Layer#) (outer) 

352 

322 

336 

Ext Water Jacket 



Support Rods 




Cylinder 

55.9 

36.3 

38.9 Rod #1 

343 

244 

273 

Flange, CB side 

59.1 

59.1 

59.1 Rod #2 

343 

244 

273 

Flange, Guard side 

59.3 

59.2 

59.3 Rod #3 

343 

244 

273 

Water 

CB Plate Intf 

38.6 

59.1 

35.2 

N/A 

36.8 Rod #4 

343 

244 

273 

Heater Wire Losses 

(W) 

Heater Wi 

e Informations 




Booster#l 

1.1 


Booster #1 

3.37 



Booster #2 

0.2 


Booster #2 

1.62 




0.2 



2.11 



Guari 

0.1 


4 s, 

2.16 











QMI Bread Board Testing ai 
Instrumentation Approach 
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Instrumentation Approach 










Surface properties 

- High emissivity preferred 

- Stable under vacuum 

Materials selection 

- Low thermal conductivity 

- 1400°C processing 

temperature 


Instrumentation 

~ Location and spacing in the 
gradient zone 

- Location and isolation in 
the heated zone 

Science sample loading 

I o 


zone 







Design Features for Gradient 

Measurement 


1.6cm solid tantalum 

thermal probe 

~ Surface emissivity of 0.2 

~~ Low thermal conductivity of 
2.8 B tu/ hr in °F 

Four lype C tantalum 
sheath thermocouples 

- Thermocouple spacing of 0.3 
in 

- Sheaths run along surface 
grooves 


- Beads positioned at probe 
centerline with a 30° entry 
angle 

- Beads potted into position with 
epoxy 











Thermal Probe Gradient Analysis Results 
1200/1140/1080/1100 TTeater Settings 


I Total Power No Sensor = 294 W 
i CZ Load No Sensor = 106W 
Total Power 0.25” Bst 1 Sensor = 260W 
; CZ Load 0.25” Bst 1 Sensor = S1W 
: Total Tower 0.5” Bst 1 Sensor = 246W 
: CZ Load 0.5” Bst 1 Sensor - 69W 
Total Power All Sensors = 239W 
! CZ Load All Sensors - 63W 



. . -l. r * ; v :~±.. 


. i 


duard 


Probe Temperature No Sensor 
Probe Temperature 0.25" Bst 1 Sensor 
* Probe Temperature 0.5” Bst 1 Sensor 
Probe Temperature 0.5” All Sensors 


- Probe Gradient No Sensor 


Probe Gradient 0.25" Bst 1 Sensor 


Probe Gradient 0.5" Bsl 1 Sensor 


Probe Gradient 0.5" All Sensors 


Location (cm) 
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Six 0.5 inch blackbody sensors in heated zones 

- Graphite or silicon carbide coated boron nitride rings 

- Redundant thermocouples in each sensor except main central sensor 


'wmummw mmmm 




QMI Bread Board Correlation and 

Performance 


QMI Bread Board Model Results; 27July01 - Probe Results 

(1200/1200/1200/1200jC settings with Velthermed Control Black Bodies; Black Body Probe) 




Gradient (iC/cm) 


2 4 6 8 


Location (cm) 







QMI Bread Board Correlation and 

Performance 


QMI Bread Board Model Results; 27July01 - Probe Results 

(800/800/800/800 jC settings with Velthermed Control Black Bodies; Black Body Probe) 


Gradient (iC/cm) 


Location (cm) 








QM1 Bread Board Correlation and 

Performance 


QMI Bread Board Model Results; 27July01 - Furnace Overview 

(1200/1200/1200/1200jC settings with Velthermed Control Black Bodies; Black Body Probe) 


1250 

1200 

1150 

1100 


* Corel D 


« CoreCL 


CoreOD 


CSLVID 


‘CSLVL1 


’CSLVL2 


■CSLVOD 


‘CoreHousing 


•InnerShield 


MidShield 


OuterShield 


■SupportRod 


'WaterJacket 


BST1TC 


•MAINTC 


GRDTC 


ProbeCL 


ProbeOD 


18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 
Location (cm) 
























Summary and Conclusions 
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being ‘flowed up” to the flight design. The QM1 bread hoard is providing 
invaluable information on the capabilities and evaluation of the flight design . 

Currently retrofitting the control instrumentation for the hot zones 

Additional testing is soon to begin and will include quench testing 




